BACKGROUND/OBJECTIVES: The clinical relevance of the metabolically healthy overweight/obese (MHO) phenotype is controversial and the relationships between weight change and the development of cardiometabolic risk factors is unknown. Therefore, we aim to: (1) Assess the long-term risk of developing one or more components of the metabolic syndrome in MHO adults compared with metabolically healthy normal weight (MHNW); (2) Evaluate risk of a composite of death, cardiovascular disease (CVD), and risk of developing type 2 diabetes between adults defined according to baseline body mass index and metabolic health. SUBJECTS/METHODS: Retrospective cohort study of adults 18-65 years of age seen at our institution between 1998 and 2000 who lived in Olmsted County. Metabolically healthy was defined as the absence of all components of the metabolic syndrome (except for waist circumference). Main outcome was the development of metabolic risk factors. The secondary outcome was a composite of mortality, CVD and heart failure. RESULTS: Of the 18 070 individuals with complete data at baseline, 1805 (10%) were MHO (mean age 38 ± 11 years) and 3047 were MHNW (mean age 35 ± 11 years). After a median follow-up of 15 years, interquartile range 10-17, 80% of MHO vs 68% of MHNW developed at least one cardiometabolic risk factor (P o 0.001). In multivariate analysis, MHO individuals who gained ⩾ 10% of their body weight were more likely to have developed metabolic complications compared to MHO individuals that did not gain weight (P = 0.001 for 10-15%, P o 0.001 for 415% weight gain). The risk for the secondary composite end point was similar between MHO and MHNW, number of events 218/1805 vs 217/3048 for MHO and MHNW, respectively, (hazard ratio: 1.16, 95% confidence interval: 0.96-1.40). CONCLUSIONS: MHO are more likely to develop metabolic complications than MHNW, especially if they gain weight.
INTRODUCTION
Obesity is associated with cardiometabolic complications such as hyperglycemia, diabetes and hypertriglyceridemia. 1 However, some overweight and obese individuals have no clinical evidence of these complications. This condition has been termed 'metabolically healthy overweight/obesity' (MHO), and there is debate as to whether people with the MHO phenotype are at increased risk for cardiovascular disease (CVD), diabetes or premature mortality.
The definition of MHO varies between studies; [2] [3] [4] with some investigators requiring the absence of all components of the metabolic syndrome, while others define metabolic health as the absence of two or more components with or without the HOMA index, inflammatory markers or hepatic triglyceride content as part of the diagnostic criteria. 5 Given the significant variability in definitions, it is not surprising that the reported prevalence of MHO ranges between 3 and 44%. 6 Likewise, the long-term clinical implications of the MHO phenotype, such as CVD and mortality risk, have been debated. Observational studies report different risks for CVD and mortality in MHO compared to metabolically healthy normal weight (MHNW) adults. [7] [8] [9] Some studies have found greater risk of CVD 7, 10 in MHO than MHNW. It has been argued that the MHO phenotype is time dependent, and that over time the majority will develop metabolic complications. 11 In contrast, other studies have found that MHO adults are not at increased risk for CVD and mortality compared to MHNW. 8, 12, 13 However, the follow-up evaluating the risk for metabolic complications in MHO has been somewhat limited. 3, 6, 13 Furthermore, the role of weight gain as a factor in the causal pathway for the development of these complications is unknown.
Given these uncertainties, our goal was to test the following null hypotheses: (1) MHO and MHNW adults are equally likely to develop cardiometabolic risk factors; (2) MHO and MHNW adults are at the same risk for CVD, mortality and diabetes. In order to test our hypotheses, we examined: (1) the frequency of development of cardiometabolic risk factors in MHO and MHNW;
(2) the relationship between weight gain and development of cardiometabolic risk factors; (3) the risk of a composite end point of death, CVD, congestive heart failure (CHF) and diabetes in MHO and MHNW compared to metabolically unhealthy normal weight and obese adults. whom all the components of the metabolic syndrome (except for waist circumference) and weight were measured in 1998-2000 were included in this retrospective study. Height was also required to calculate their body mass index (BMI) and was used if it was obtained between 1998 and 2015. We excluded individuals with a diagnosis of diabetes, CVD (stroke, coronary disease or peripheral artery disease) or heart failure at baseline.
The Mayo Clinic Life Sciences System using the Data Discovery and Query Builder (DDQB) tool was used to identify adults seen between 1998 and 2000. This database captured all outpatient and inpatient visits to Mayo Clinic, Rochester MN. The Advanced Cohort Explorer (ACE), a clinical data repository, was used to obtain the study variables.
Definition of metabolic health
Individuals were categorized at baseline into one of four groups according to BMI as defined by the WHO (normal BMI 18.5-24.9 kg m − 2 , overweight/ obese BMI ⩾ 25 kg m −2 ) 14 and presence of metabolic syndrome components: (1)MHNW; (2) MHO; (3) metabolically unhealthy normal weight (MUNW); (4) metabolically unhealthy overweight or obese (MUO).
The International Diabetes Federation criteria for metabolic syndrome were used to define its components, 15 which are: systolic blood pressure ⩾ 135 mm Hg, diastolic blood pressure ⩾ 85 mm Hg, fasting glucose ⩾ 5.6 mmol l − 1 , triglycerides ⩾ 1.69 mmol l − 1 and high-density cholesterol o1.03 mmol l − 1 in men and o 1.29 mmol l − 1 in women. Metabolically unhealthy was defined if at least one of the components of the metabolic syndrome was present at baseline. Individuals were considered metabolically healthy if they had none of the components of the metabolic syndrome at baseline (except for waist circumference). Waist circumference was not included in our study because it was rarely measured at our institution. A diagnosis of hypertension, dyslipidemia and type 2 diabetes was identified using the International Classification of Diseases, Ninth Edition (ICD-9) diagnosis codes to identify those with normal metabolic factors (blood pressure, lipids) on pharmacologic therapy. Weight gain was defined as percent weight change at last follow-up compared to weight at baseline. The presence of comorbidities such as chronic kidney disease, chronic liver disease, chronic obstructive pulmonary disease and malignancy at baseline were determined based on ICD-9 diagnosis of codes. The diagnosis of malignancy at baseline was based on the presence of the eight most prevalent cancers in general (Supplementary Information).
Definition of outcomes
Primary outcome. Our primary outcome was the development of cardiometabolic risk factors among the MHO and MHNW. These were assessed only for individuals classified at baseline as MHO or MHNW and they were defined as the appearance of any of the components of the metabolic syndrome or a diagnosis of hypertension, type 2 diabetes, dyslipidemia, CVD or heart failure based on the ICD-9 diagnosis codes at follow-up (Supplementary Information). CVD was defined as a new diagnosis of coronary artery disease, myocardial infarction, peripheral vascular disease or stroke. Only individuals who had all the components of the metabolic syndrome assessed after at least 8 years of follow-up after baseline were included in the analysis of cardiometabolic complications. Last date of follow-up was November 2015.
Secondary outcomes. We evaluated differences in risk of a composite of death, CVD and heart failure, and differences in risk of type 2 diabetes between the groups defined according to BMI and metabolic health.
All four groups, MHNW, MUNW, MHO, MUO were included in the analysis of the secondary aim to compare their risk of death, CVD or diabetes and the MHNW group was used as the reference group. We also performed a secondary analysis, where we subdivided MHO and MUO into overweight and obese groups according to BMI. Individuals were followed until November 2015.
Evaluation of extracted data
To ensure the accuracy of the variables extracted electronically using ACE, we manually reviewed the medical records of patients with outlier values for blood pressure (n = 233 records), glucose (n = 49 records), lipids (n = 17 records) and also randomly selected 160 records to assess the accuracy of weights and heights abstracted by ACE. We found 100% agreement between the two methods from the data we extracted (kappa = 1.0). To be more confident that we obtained fasting glucose concentrations, only samples drawn between 06:00 and 10:00 hours were extracted.
The ICD-9 codes used for hypertension, diabetes, coronary artery disease and congestive heart failure have been previously validated and found to have 490% predictive value (PPV). 16 The PPV for the ICD-9 codes used for stroke is 475%. 16, 17 For peripheral vascular disease, we used a combination of CPT procedure codes in addition to ICD-9 codes (PPV490%), 18 because the accuracy of ICD-9 codes alone in identifying cases of peripheral vascular disease is lower.
Statistical analysis
Continuous variables were expressed as mean ± s.d. or median, interquartile range, when appropriate. Categorical variables were expressed as proportions. Logistic regression was used to examine the association between weight change and the development of cardiometabolic risk complications for MHO and MHNW groups given that data on metabolic syndrome components was cross sectional. The model was adjusted for age, sex, BMI at baseline, smoking status at baseline, time of follow-up and comorbidities at baseline (chronic kidney disease, chronic obstructive pulmonary disease, chronic liver disease and malignancy).
In all four groups, for the composite outcome of CVD, heart failure and mortality, we used the date the first ICD-9 diagnosis code was made or date of death, when applicable. For the risk of diabetes, we used the date the first ICD-9 diagnosis code of type 2 diabetes was made. For individuals without an event, the date of last follow-up was used as the censoring date. To determine the risk of death, CVD, heart failure and diabetes we used survival analysis, with Cox proportional hazards to determine the hazard ratio and 95% confidence interval (CI). Cause-specific hazard ratios were used when CVD + heart failure, or diabetes were the outcomes analyzed given the competing risk of death. The multivariable model was adjusted for age, sex, smoking status and comorbidities at baseline (chronic kidney disease, chronic obstructive pulmonary disease, chronic liver disease and malignancy). Schoenfeld residuals plots were done to check for the proportional hazard assumption for each covariate in the Cox regression models. The statistical software SAS 9.3 (SAS Institute Inc., Cary, NC, USA) was used for arrangement of the data extracted and creation of 
RESULTS
We identified 40 224 adults seen at our institution between January 1998 and December 2000 without history of CVD, CHF or diabetes and in whom BMI could be calculated. Of these, 18 070 had all metabolic syndrome components (except waist circumference) measured at baseline and were included in the cohort. (Figure 1 ).
We excluded 22 154 individuals who did not have data for all of the variables required to define their metabolic risk. The excluded individuals were on average 5 years younger than the included participants and more likely to be of normal BMI (44%) than the included sample (37% normal BMI). Those in the excluded group with a lipid profile had fasting serum triglyceride concentrations that averaged 0.07 mmol l − 1 less in normal BMI, 0.19 mmol l − 1 less in overweight and 0.28 mmol l − 1 less in obese categories compared with the included participants in the same BMI categories ( Supplementary Table) .
The prevalence of MHO in our study population was 10% (1805/18 070) and their baseline characteristics are described in Table 1 . Those in the MUO group were the oldest and the MHNW individuals were the youngest (Po 0.001, for the comparison of age between groups).
Development of cardiometabolic risk factors/complications
Follow-up data were available for 62% (1118/1805) of MHO and 48% (1462/3047) of MHNW for analysis of metabolic outcomes. After a mean follow-up of 16 ± 2.2 years (median 15 years (interquartile range, 10-17)), 80% (898/1118) of MHO and 68% (1002/1462) of MHNW subjects developed one or more cardiometabolic risk factor or complications (P o 0.001, MHO vs MHNW). Weight gain was significantly different between those who did and did not develop cardiometabolic risk factors/complications. MHO who developed cardiometabolic risk factors/complications gained 6 ± 14% of their body weight (4.9 ± 11.8 kg) compared to 5 ± 14% (3.9 ± 11.3 kg) for those that remained 'healthy'. Likewise, MHNW who developed cardiometabolic risk factors/complications gained 10 ± 14% of their body weight (6.2 ± 8.9 kg) compared to 8 ± 12% (4.9 ± 7.1 kg) in MHNW that did not. The relationship between weight change and development of cardiometabolic complications was not linear therefore, percent of weight gain was converted into categories and those that did not gain or lost weight were designated the reference group (Table 2) . Among the MHNW, the relationship between weight gain and development of cardiometabolic complications was the strongest for those who gained 415% of their body weight (OR: 2.9, 95% CI 2-4.3) after adjusting for age at baseline, BMI at baseline, sex, duration of follow-up, smoking status and comorbidities at baseline. For the MHO group those that gained ⩾ 10% of their body weight were more likely to have developed metabolic complications than those who did not gain or lost weight (OR for 10-15% weight gain: 2.4, 95% CI 1.4-4.2, and OR for 415% weight gain: 2.5, 95% CI 1.6-3.96).
Among the MHO group, 40% of overweight patients became obese at follow-up. In addition, more metabolically healthy patients that became obese developed cardiometabolic risk factors/complications compared to those who remained overweight (24 vs 21%; P = 0.02).
Age was a confounder for the association between weight change and development of cardiometabolic risk factors/ 
Risk of death, CVD and diabetes
The adjusted risk for the composite end point: mortality, CVD and CHF in MHO, MUNW, MUO compared to MHNW (reference group) is depicted in Figure 2 . The risk for the composite end point in MHO was not significantly different from MHNW. However, MHO individuals who gained 410% of their body weight were at greater risk for the composite end point compared to those that gained o5% of their body weight (P = 0.003). There was no association between weight change and the composite end point for MHNW or MUO adults. The risks for each component of the composite end point, in addition to the risk of type 2 diabetes are also shown in Figure 2 . Cumulative Incidence and Kaplan-Meier curves for the secondary end points are illustrated in Figure 3 .
There was an interaction between age and the groups defined according to metabolic health when the end point analyzed was CVD + CHF. For MHNW and MHO, age was more strongly associated with CVD + CHF than for MUNW and MUO (HR (95% CI) for MHNW 1.1 (1.07-1.1), MHO 1.1 (1.07-1.1), MUNW 1.06 (1.06-1.07), and MUO 1.06 (1.06-1.07)).
The results for the composite end point did not change if metabolically healthy overweight individuals were analyzed separately from the metabolically healthy obese (Table 3) .
There was a progressive increase in risk of type 2 diabetes with MUO individuals having the highest risk, followed by the MUNW, and the MHO group.
DISCUSSION
In this retrospective cohort study, we examined the long-term risk for metabolic complications in MHO compared to MHNW. We also 20 reported that 47% of overweight and 29% of obese individuals are potentially misclassified as unhealthy when using BMI as a surrogate marker of metabolic health. However, this was a cross sectional study, and such statement implies a relatively permanent metabolically healthy state. In contrast, recent cohort studies have reported that 30-50% of MHO individuals develop metabolic risk factors, but these studies did not assess risk in a comparative group (MHNW) or included overweight/obese individuals with a metabolic risk factor present at baseline. 2, 3, 21 In addition, duration of follow-up in most studies is o 10 years, which may be insufficient for assessing CVD and mortality risk. In a prospective study with 20 years follow-up, complete data for metabolic complications was available for only 16% of the MHO at baseline. 21 In our cohort, 76% of MHO at baseline had followup of at least 10 years and 42% had follow-up of at least 15 years.
Our results support the notion that an individual's metabolic phenotype is dynamic, especially if weight gain occurs. This is evident by the finding that 68% of MHNW, developed a metabolic abnormality during follow-up. Figure 3 . Cardiovascular outcomes, diabetes and death from any cause between groups classified according to BMI and metabolic health. Kaplan-Meier curves for the composite end-point CVD, heart failure and death (a) and for the secondary end point death from any cause (c), cumulative incidence for CVD + CHF (b), and cumulative incidence for type 2 diabetes. (d) of the groups classified according to BMI and metabolic health. The 'cmprsk' package from R was used to estimate cumulative incidence (cmprsk package author: Bob Gray). MHNW, metabolically healthy normal weight; MHO, metabolically healthy overweight or obese; MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy overweight or obese.
Weight gain is associated with development of cardiometabolic risk factors, 22, 23 but there is limited evidence for an association between weight gain and the development of these risk factors in MHO. 2, 24 Cui et al. 24 reported that weight loss in MHO and MHNW individuals was associated with small or no changes in cardiometabolic risk factors and that 43% weight gain at 3 years was associated with increases in blood pressure, as well as blood glucose and triglyceride concentrations in MHO. Schroder et al. 2 found that increases in BMI in overweight, but not obese, were significantly associated with transitioning from MHO to a metabolically abnormal phenotype at 10 years. We found that after an average of 16 years of follow-up, MHO and MHNW who gained weight were more likely to develop risk factors/complications. Those MHNW and MHO who gained 415% and ⩾ 10% of their body weight, respectively, were at significantly greater risk than those that did not gain weight. This might imply that normal weight adults need to gain more relative (but not absolute) weight than overweight/obese adults to develop metabolic risk factors/ complications.
As expected, older age at baseline was associated with development of metabolic complications; however, age was negatively correlated with weight gain in all four groups. This finding has been described in other observational studies, where those in their 20s gain more weight at 10 years compared to those in their 40s. 25 We found no difference in mortality or CVD between MHO and MHNW adults. In contrast, two systematic reviews and metaanalysis reported higher risk of CVD for MHO individuals and discrepant results for mortality risk. 7, 10 However, the authors note significant heterogeneity among the studies included in the pooled analysis, probably because some studies included people with one or two components of the metabolic syndrome as MHO. The lack of difference between MHO and MHNW could not be attributed to the combination of overweight and obese individuals as a group because no difference was seen between overweight and obese when analyzed separately with regard to secondary outcomes. It is possible that the young age of these groups may have results in relatively fewer events and as such a difference may not be appreciated.
It is not surprising that the presence of any metabolic syndrome components would increase CVD risk. Therefore, differences in risk estimates for CVD and mortality in studies, including ours, are likely explained by different criteria used to define metabolic health. Future studies should focus on establishing clinically applicable criteria to define metabolic health with the goal of using a standardized definition to be able to compare risk among populations. We argue that the presence of any one of the metabolic syndrome risk factors should exclude someone from being considered 'metabolically healthy'. Moreover we acknowledge that the absence of metabolic syndrome risk factors does not necessarily equal 'metabolic health', there are other subtle metabolic alterations such as increased intrahepatic triglyceride fat content and increased plasma free fatty acids that can be present in the absence of the more traditionally used metabolic factors, which can explain the increased risk of cardiometabolic complications in MHO adults. Given the retrospective nature of this study, these alternative metabolic alterations could not be assessed.
Public health implications
Our findings suggest that both MHO and MHNW develop cardiometabolic complications in the long term, and weight gain is one of the determinants of cardiometabolic outcomes for both the groups. Therefore, based on the results of our study, public health policies to avoid weight gain and promote weight loss should not be restricted to individuals with obesity-related metabolic complications, but in fact, should be directed to overweight and obese adults in general. Furthermore, public health interventions on healthy lifestyle and weight maintenance should be also directed at normal weight individuals.
Strengths and limitations
The main strength of our study is the large numbers of individuals identified at baseline with long-term follow-up available. Our overall median follow-up time was 15 years (interquartile range, [10] [11] [12] [13] [14] [15] [16] [17] . However, there are also limitations. Because this is a retrospective single-institution study, there is risk for selection bias, as sicker individuals or those with a significant family history are more likely to have been seen and had all components of metabolic syndrome assessed. This is evidenced by the higher baseline triglyceride concentration for those who were included in our study compared with those excluded. In an attempt to minimize selection bias, particularly referral bias, we only included adults living within Olmsted County. We only included adults with all the components of the metabolic syndrome examined at baseline, and this approach allowed us to identify those who were metabolically healthy. Although, some individuals had some of the components assessed with metabolic risk factors that would classify them as metabolically unhealthy at baseline, those were not included in the analysis to decrease selection bias toward the metabolically unhealthy. Differences in fat distribution are associated with metabolic abnormalities in overweight and obese individuals. Obese individuals with fat distributed predominantly in the upper body and visceral area have increased insulin resistance in the adipose tissue, and more metabolic abnormalities such as hypertriglyceridemia compared to obese individuals with fat distributed predominantly in the lower body. 26, 26 Information on body composition, fat distribution and anthropometric values such as waist circumference was not available for analysis, therefore we were not able to assess for differences in fat distribution among overweight-obese and development of cardiometabolic complications. Likewise, socioeconomic status and lifestyle-related factors, such as lack of physical activity and alcohol consumption are also potential confounders that were not obtainable from our data sources. Finally, despite the use of multivariate models to account for potential confounders, unmeasured confounding is possible, given the retrospective nature of our study.
CONCLUSION
When metabolic health is defined as the absence of the components of the metabolic syndrome (except for waist circumference), the majority of MHO and MHNW will develop metabolic complications over an average of 16 years of follow-up, although MHO are more likely than MHNW. Weight gain is associated with the development of these complications. Compared to MHNW group, MHO are at greater future risk of type 2 diabetes. However, we found that mortality and CVD risk are not increased among the MHO compared to the MHNW.
